Background: We aimed to investigate the effect of early-age (prenatal, infant, and childhood) trauma on adulthood alcohol use disorder. Methods: A total number of 1534 subjects who were born and live in the city of Tangshan were selected. The subjects were divided into three age groups. General demographic data, conditions of the mothers during pregnancy, and condition of the babies at birth, were collected. The diagnosis of alcohol use disorder was based on Structured Clinical Interviews for DSM-IV Axis Disorders (patient version) (SCID). The childhood trauma questionnaire short form (CTQ-SF) [1] and the Lifetime of Experience Questionnaire (LTE-Q) [2] were used to evaluate stress in childhood and adulthood, respectively. Results: Only male subjects were diagnosed with lifelong alcohol abuse and alcohol dependence. There was no statistically significant difference in the prevalence of lifetime alcohol use disorder (X 2 = 4.480, P = 0.345), current alcohol abuse, and current alcohol dependence among the three groups (X 2 abuse = 2.177, X 2 depedence = 2.198, P > 0.05). However, higher prevalence of lifetime alcohol use disorders was found in group with higher scores of CTQ (X 2 = 9.315, P = 0.009), emotional abuse (X 2 = 8.025, P = 0.018), physical abuse (X 2 = 20.4080, P < 0.001), but not in the group with higher scores of emotional neglect (X 2 = 1.226, P = 0.542), sexual abuse (X 2 = 2.779, P = 0.249), physical neglect (X 2 = 3.978, P = 0.137), LTE-Q (X 2 = 5.415, P = 0.067), and PSQI (X 2 = 5.238, P = 0.073). Protective factor for alcohol abuse for men was identified to be heavy drinking (OR = 0.085, 95%CI: 0.011-0.661), and the risk factors for alcohol abuse were identified to be frequent drinking (OR = 2.736, 95%CI: 1.500, 4.988), and consumption of low liquor (OR = 2.563, 95%CI: 1.387, 4.734). Risk factors for alcohol dependence in males were identified to be consumption of low liquor (OR = 5.501, 95%CI: 2.004, 15.103), frequent drinking (OR = 2.680, 95%CI: 1.164, 6.170), and childhood physical abuse (OR = 2.310, 95% CI: 1.026, 5.201). Conclusion: Traumatic experience during infant and prenatal periods does not have a strong statistical correlation with alcohol use disorders for male adults. However, subjects with high CTQ scores, experience of emotional abuse and physical abuse show a statistically higher prevalence of lifetime alcohol use disorders. Several risk factors including consumption of low liquor, frequent drinking, and childhood physical abuse contribute to alcohol dependence in male adults.
Background
Alcohol dependence is a growing social epidemic around the world and it poses a significant threat to the well being of the affected individuals and the entire society [3, 4] . Specifically, alcohol addiction has not only led to a marked increase in social issues such as violent crime, traffic accidents and soaring divorce rates, but also caused a variety of psychological and physical diseases, producing a heavy burden on the health care system [5] . With the largest population in the world, China has witnessed a rapid growth of alcohol dependence prevalence from 0.4% in 1985 to 9% in 2009 [6] . The growing prevalence of alcohol dependence has attracted attention from scientific community seeking to unveil the underlying mechanism of alcohol dependence and address the need of effective alcohol addiction therapy [7] . The mechanism of alcohol use disorder is complicated and increasing evidence showed that stress is an important factor implicated in the pathological mechanism of alcohol dependence [8, 9] . For example, Noori and Yu have performed rats foot shock and forced swim stress studies, showing stress can lead to increased alcohol intake and alcohol conditioned place preference [ 10, 11] . In addition to the stress in adulthood, early life stress (ELS) is found to be related to alcohol dependence as well. Marinelli and co-workers confirmed that stress during the prenatal period is correlated to increased addiction risk during adulthood [12] . Further, it was found that maternal separation (MS) -a form of ELS -is a risk factor for binge drinking, and is linked to impulsivity, another key risk factor for excessive alcohol drinking in adulthood [13] . People with a history of childhood maltreatment, such as those in a war-exposed region for more than 30 days, showed 5.3 times higher chance of subsequent alcohol disorders compared to those not exposed [14] . It was hypothesized that the experience of ELS caused long-lasting modulation of neurons, as well as hyperactivity of the hypothalamuspituitary-adrenal (HPA) axis [15] . However, most research on the relationship between trauma and alcohol use disorders focus on a single age group, e.g., trauma happened during either childhood or adulthood [16, 17] . Furthermore, most of the previous studies on prenatal period stress are animal studies [18] . To the best of our knowledge, there are no reports on how the same ELS event affects individuals from different life stages (i.e., prenatal, infant, or childhood) and the direct comparison of the effect of a single ELS event on adulthood alcohol use disorder for different age groups. Therefore, we report herein our studies on the effects of a series of contributing factors -the 1976 Tangshan Earthquake, childhood traumatic experience, adulthood traumatic experience, and sleeping quality -on adulthood alcohol use disorder. We also aim to study the effects of Earthquake on alcohol use disorder for subjects who experienced the Earthquake at different stages of pregnancy (prenatal and infant) and present our analysis of the risk factors for adulthood alcohol use disorder with the same group of subjects.
Methods

Subjects
The subjects of this study were recruited from workers officially employed by the Kailuan Mining Group. Based on the dates of birth, the subjects were divided into three groups (from the eldest to the youngest): infant exposure group, prenatal exposure group, and nonexposure group.
The inclusion criteria for the infant exposure group included: 1) born and raised in Tangshan, 2) born between July 29, 1975 and April 28, 1976;  3) exposure to the earthquake at the age between 3 and 12 months.
The inclusion criteria for the prenatal exposure group included: 1) born and raised in Tangshan; 2) born between July 29, 1976 and April 28, 1977;  3) exposure to the earthquake during the prenatal period. Based on the age of the fetal when the mother was exposed to earthquake, this group was further divided into 3 subgroups: the first trimester group (1-3 months of mother's pregnancy during the earthquake), the second trimester group (4-6 months of mother's pregnancy during the earthquake), and the third trimester group (7-9 months of mother's pregnancy during the earthquake).
The inclusion criteria for the non-exposure group included: 1) born and raised in Tangshan; 2) born between July 29, 1977 and April 28, 1978 ; and 3) born 1-1.9 years after the earthquake.
The following exclusion criteria were applied: 1) mothers had infections, high blood pressure, epilepsy or seizures, diabetes, thyroid disease, or mental disorders during pregnancy [2] ; mothers had history of drug use, drinking and poisoning during maternal or lactating period [3] ; mother suffered from other traumatic events in addition to earthquake during pregnancy [4] ; those who refused to participate in this study and did not sign the informed consent form.
Methods
This study is a cross-sectional study [19] and is approved by the Ethics Committee of the First Hospital of Hebei Medical University (No. 2014005). The research was registered at Chinese Clinical Trial Registry (No. ChiCTR-OOC-15006542). From January to December of 2014, 38 years after the earthquake, a total of 1534 eligible participants were recruited from Kailuan Mining Group. A total of 1325 subjects completed the study with a completion rate of 85.9%. Each of the participants signed a written informed consent form. Standardized interviews and physical examinations are conducted by specially trained doctors in one-on-one interviews.
Collection of demographic information
In brief, all participants underwent a physical examination and a standardized interview, which included questions about demographic information, the condition of mother during pregnancy (age at pregnancy, parity, etc.), the conditions of the babies (weight at birth), and smoking history, and family history of alcohol use disorder.
Evaluation of alcohol use disorders
Structured Clinical Interviews for DSM-IV Axis Disorders (patient version) (SCID) were performed on all subjects by psychiatrists for the diagnosis of alcohol use disorders according to literature protcols [20] .
In addition to the diagnosis of lifetime/current alcohol dependence and lifetime/current alcohol abuse, the following information was also collected: self-reported use of alcohol, including frequency of drinking: drinking often currently (≥2 times/week), used to drink often but do not drink currently (less than 1 time/year), drinking occasionally (< 2 times/year), and no drinking history (≤1 time/year); amount of alcohol consumed (according to the average daily alcohol consumption for men, binge is defined as drinking more than 90 mL of pure alcohol/ day, heavy drinking is defined as drinking more than 50 mL but less than 90 mL of alcohol/day, normal drinking is defined as drinking less than 50 mL of pure alcohol/ day); time of drinking; type of alcohol consumed: beer, red wine, low liquor (< 40% volume), high liquor (≥40% volume).
Childhood trauma
Childhood trauma was assessed by childhood trauma questionnaire short form (CTQ-SF) [21] , Chinese version, which is a retrospective self-report measurement with five dimensions: emotional abuse, physical abuse, sexual abuse, emotional neglect, and physical neglect. The scores obtained from five different dimensions were used to assess childhood experiences. The CTQ-SF has 28 entries in total, including 25 clinical items and 3 validation items. Each question starts with the sentence of "When I grew up and before I was 16 years old." The 20th question, for instance, was followed by, "somebody attempted to touch me or let me touch him in a sexual way." Based on the frequency of occurrence, the answer may be scored as follows: 1 point, never; 2 points, occasionally; 3 points, sometimes; 4 points, regular; 5 points, always. In the present study, for each dimension, the subtotal score was the sum of the score of each item that falls within that respective dimension, and the total score was the sum of the scores of the five dimensions [22] . Each of the five dimensions listed above is scored between 5 to 25 points, with a total score between 25 to 125 points.
Adult trauma
Adult trauma beginning at the age of 16 was evaluated by Lifetime of Experience Questionnaire (LTE-Q) [2] . With minor modifications to adapt to special circumstances in China, this questionnaire included questions on the following items [1] : loss of a spouse [2] ; loss of parents and children [3] ; economic difficulties [4] ; divorce [5] ; unemployment or layoff [6] ; accidents (traffic accidents, fires, flooding, earthquake, or other natural disasters) [7] ; incidents related to the crimes such as property loss, robbery, or kidnap [8] ; others.
Sleep quality
Pittsburgh Sleep Quality Index (PSQI) [23] , Chinese version, was calculated for the evaluation of sleep quality. The PSQI is composed of 19 self-assessments and 5 review questions, and only 18 self-assessment questions are scored. The sum of the score for each component is the PSQI total score, ranging from 0 to 2 l. In general, score ≥ 7 indicates sleep problems [24] .
Statistical analysis
IBM SPSS version 22.0 was used for statistical analysis. The data is represented as the mean ± standard deviation (SD). Chi-square tests were performed to compare the prevalence of alcohol use disorders among subjects categorized by various contributing factors listed above.
Stepwise regression with forward selection approach was employed for method of analysis of all contributing factors. One-way ANOVA of variance or rank-sum test with multiple samples were performed for analysis of age and weight at birth. Multi-factor logistic regression was used to analyze risk factors for alcohol use disorders. A two-sided P-value < 0.05 was considered statistically significant.
Results
Baseline characteristics of study subjects 1534 subjects met the inclusion criteria, but 129 of them did not participate in this study. As a result, we enrolled 1405 subjects for this study, of which 81 were excluded as shown in Fig. 1 , leaving 1325 subjects on which statistical analysis was ultimately performed. As shown in Table 1 , there is expected significant difference on the mean age of the three groups, namely, infant exposure, prenatal exposure, and non-exposure groups (F = 931.979, P < 0.001). In particular, the mean age of these three groups differ by one year in the decreasing order. However, no significant difference among the three age groups is observed for gender (X 2 = 0.786, P = 0.675), education (X 2 = 12.597, P = 0.050), marital status (X 2 = 2.976, P = 0.812), smoke (X 2 = 2.088, P = 0.719), mother's age at birth (F = 4.211, P = 0.122), parity (X 2 = 1.226, P = 0.874), birth weight (F = Fig. 1 The study follow chart 0.066, P = 0.936), and family history of alcohol dependence (X 2 = 0.147, P = 0.929).
The prevalence of alcohol use disorders
Since no diagnosis of lifetime alcohol abuse and alcohol dependence was observed for females, the following data analysis is based on male subjects only (See Table 2 ). Based on the results of chi-square test, there was no statistically significant difference among three age groups in the prevalence of subjects who are diagnosed with no alcohol use disorders (X 2 = 4.480, P = 0.345), as well as in the prevalence of subjects who are diagnosed of current alcohol abuse (X 2 = 2.177, P = 0.337) and current alcohol dependence (X 2 = 2.098, P = 0.350). The prevalence of lifetime alcohol dependence in infant exposure group, prenatal exposure group and non-exposure group was 4.7, 3.2, 2.7% respectively. The prevalence of lifetime or current alcohol abuse was substantially higher in the non-exposure group than that of the two exposure groups. Further, when considering the prenatal exposure group alone, it was found that there was no statistically significant difference in the prevalence of lifelong diagnosis of alcohol use disorders among three subgroups of prenatal exposure group (X 2 = 1.136, P = 0.980). Similarly, there was not statistically significant difference in the prevalence of current diagnosis of alcohol abuse and dependence among three prenatal subgroups (X 2 abuse = 3.773, P abuse = 0.287; X 2 dependence = 0.369, P dependence = 0.947) (See Table 3 ).
Childhood, adulthood trauma and sleep quality
According to the scores of CTQ, LTE-Q, and PSQI, the subjects were categorized as high and low score subgroups. After chi-square test, it was found there was statistically significant difference in the prevalence of lifetime alcohol use disorders between the subgroups with high and low scores in CTQ (X 2 = 9.315, P = 0.009), emotional abuse (X 2 = 8.025, P = 0.018), physical abuse (X 2 = 20.4080, P < 0.001). However, no statistically significant difference was observed between the subgroups with high and low scores in emotional neglect (X 2 = 1.226, P = 0.542), sexual abuse (X 2 = 2.779, P = 0.249), physical neglect (X 2 = 3.978, P = 0.137), LTE-Q (X 2 = 5.415, P = 0.067), and PSQI total scores (X 2 = 5.238, P = 0.073) (See Table 4 ).
Drinking condition
As shown in Table 5 , statistically significant difference on the prevalence of lifetime alcohol use disorders was observed with different wine categories (X 2 = 34.446, P < 0.001), drinking frequency (X 2 = 97.451, P < 0.001), drinking time (X 2 = 10.438, P = 0.034), and alcohol consumption (X 2 = 49.596, P < 0.001).
Risk factors for alcohol use disorders
Logistic regression analysis was subsequently performed to identify risk factors for alcohol use disorders. As shown in Tables 6 and 7 , heavy drinking (OR = 5.679, 95%CI: 1.576, 20.471) and frequency drinking (OR = 2.159, 95%CI: 1.136, 4.103) were identified to be the risk 
Discussion
Extensive studies have been done to investigate the relationship between different types of trauma and alcohol consumption, which consistently demonstrated increase of alcohol consumption one year or less after trauma [25] [26] [27] [28] . For example, a study was conducted on the substance use following terrorist attack; in a follow-up period ranging from 1 week to more than 2 years, it was found that 7.3% (95% CI: 1.1-32.5%) of the population with pre-existing alcohol use conditions reported increased alcohol consumption in the first 2 years following a terrorist event [29] . However, it is important to note that there was no new occurrences (new since the terrorist event) of alcohol use disorders observed after terrorist events [30] . Moreover, a study documented that after exposures to trauma such as floods, guns, plane crashes, etc., only 0.3% of the sample developed an acute new post-trauma alcohol use disorder [31] . Therefore, it is believed that the vast majority of post-trauma alcohol use disorders represented the continuation or recurrence of pre-existing conditions. Long-term increases of alcohol consumption after ELS [32] has been well documented. For instance, Gondré-Lewis et al. demonstrated that ELS is as a risk factor for alcohol consumption and abuse in adulthood, such as binge drinking and impulsive-like behavior, acting through a CRF/ GABA A mechanism [13] . Consistent with previous studies, our study showed that there is a slightly increased prevalence of the lifetime or current alcohol use disorder in prenatal and infant exposure group compared to non-exposure group of the earthquake, although the difference among these age groups is not statistically significant. Similarly, there was no statistically significant difference in the prevalence of male alcohol use disorders for subgroups that are exposed to earthquake at different stages of pregnancy. It is important to mention that previous studies with extended follow-up periods showed that the effect of ELS on alcohol use disorder generally attenuates over time (6 months vs. 30 months) [28] . Given the fact that the assessment of alcohol use disorder was performed 38 years after the traumatic event, the attenuation effect for the present study is likely to be even more significant.
It has been increasingly evident that traumatic events in childhood contribute to subsequent psychopathology of mental health including alcohol use disorder [14, 33- [37] and adult alcohol consumption and alcohol disorders [38, 39] . For example, Evren and co-workers have demonstrated that childhood traumatic experience, especially those related to emotional abuse, e.g., disassociation, might be a mediating factor that contributes to the development of lifetime traumatic stress disorder (PTSD) and alcohol dependence [40, 41] . Additionally, the data obtained from a study on a pair of twins showed individuals exposed to childhood maltreatment were 1.74 times more likely to experience alcohol use disorder in adulthood [42] . Bulik et al. suggested that the early life adversity may influence the development of adolescent brain in specific regions, such as slowing down the development of the hippocampus [43] . Among the early life adversities, our study showed that the childhood physical abuse (OR = 2.310, 95% CI: 1.026, 5.201) is one of the risk factors for male alcohol dependence. The physical abuse in childhood may lead to emotion regulation difficulties, which may play a significant role in alcohol use disorder [44] . With respect to the childhood sexual abuse, our study showed that there does not appear to be a strong correlation between childhood sexual abuse and alcohol use disorder in adulthood. Moreover, Bulik's study on adult female twins also indicated no correlation between childhood sexual abuse and alcohol use disorders [43] . In contrast, another study based on retrospective assessment of childhood sexual abuse showed significantly increased chance of alcohol disorders [45] . The discrepancy on the role of early age sexual abuse plays in adulthood alcohol use is probably attributed to the difference in the selection of samples. For our study, this is also likely because childhood sexual abuse was rare in China in the 1970s. The present work provides a comprehensive analysis on the effect of single traumatic event on individuals from different age groups and sheds light on the underlying risk factors for adulthood alcohol use disorder. However, since this study is conducted on a retrospective and selfassessment basis and a dynamic evaluation of the individual's alcohol use shortly after trauma is lacking. It was difficult to obtain a baseline of the individual's predisposition to alcohol use disorders 38 years after the earthquake. Further, as the prevalence of female alcohol dependence in the general population of China is only 0.09% [46] , and there are fewer females in this study (about 50 in each group), we only analyzed data of male subjects. Future work employing a larger sample size for the investigation of women's alcohol dependence after trauma is well underway.
Conclusion
Our results suggest traumatic experience during infant and prenatal periods does not have a strong correlation with alcohol use disorders for male adults. Additionally, exposure to traumatic event during different stages of pregnancy does not affect the likelihood of adulthood alcohol use disorder. Furthermore, we identified that the consumption of low concentration liquor and frequent drinking, as well as childhood physical abuse are risk factors for alcohol dependence in male adults. The present study provides valuable insights into the correlation between alcohol use disorder and childhood trauma, and may offer guidance for alcohol use disorder therapy. 
